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[57] ABSTRACT 

A structure for mounting a liquid crystal display (LCD) 
in a portable computer and a method for making the 
mounting structure are described. The mounting struc- 
ture absorbs the shocks associated with day-to-day han- 
dling of the portable computer including occasional 
dropping or compressing and thereby protects the LCD 
from damage. The mounting structure consists of resil- 
ient shock absorbers mounted along the edges or at the 
corners of the LCD and glass assembly which are 
sealed with the LCD glass and circuitry behind a trans- 
parent overlay while under compression. The sealed 
mounting structure acts as a suspension system which 
allows the LCD glass to float along a single plane only. 
Any shocks due to dropping, compressing, bending or 
deflecting are absorbed by the shock absorbers and the 
LCD remains unaffected. The mounting structure may 
be evacuated and hermetically sealed, which provides 
protection to the LCD glass and circuitry from humid- 
ity, dust and other contaminates as well. 

26 Claims, 3 Drawing Sheets 
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LCD assembly and hermetically sealed to the computer 

LIQUID CRYSTAL DISPLAY MOUNTING housing using a bezel which frames the transparent 

STRUCTURE overlay and LCD. Moreover, the LCD assembly can be 

evacuated before sealing the structure in order to pro- 

BACKGROUND OF THE INVENTION 5 tect the LCD from potentially trapped moisture, dust 

This invention relates to a structure for mounting a ^ other contaminants from the surrounding environ- 

liquid crystal display (LCD) in a portable computer ment 

housing. and a method for making the mounting struc- BRIEF DESCRIPTION OF THE DRAWINGS 
ture. 

Conventionally, computers do not have impact ab- 10 FIG- 1 is a cross-sectional view illustrating the hous- 

sorption features to protect fragile components, such as ing assembly and the associated mounting structure of 

LCDs, from damage due to dropping or other day-to- this invention; 

day handling of the computer. The conventional com- FIG. 2 is a front view illustrating the resilient shock 

puter LCDs are mounted in a metal frame which struc- mounts at the corners of the LCD assembly; and 

turally supports the LCD, but offers little protection ,5 FIG. 3 is a perspective view of a preferred shape of 

against damage. Conventional lap-top computers are the shock mounts. 

more prone to damage because they are transported rwrAii Pn np^PTPXinu hp thp 

more frequently. The conventional lap-top computer DETAILED DESCRIPTION OF THE 

offers no more protection against damage to its fragile INVENTION 

components, such as its LCD, than desk-top computers. 20 FIG. 1 illustrates a housing 1 which houses the 

Only the size of the computer and the location of the mounting structure of this invention. The mounting 

fragile structures within are factors which might reduce structure holds an LCD assembly 10 within the housing 

the potential for damage should the lap-top computer be lt The LCD assembly 10 comprises a top glass 7 and a 

dropped. bottom glass 8, each glass preferably including a polar- 

As portable computers become smaller, their associ- 25 izef between which is iocated the liquid crystal material 

ated compact structures have even less damage preven- and its electric al controls. Polarizer 6 is located on the 

Hon capabihty. Furthermore, the more compact the LCD assembly top glass 7 and polarizer with reflector 

portable computer is, the more frequently it will be 5 is located Qn the LCD bottom glass 8 , The 

transported. If the portable computer is transported olarizers control the ambient Iight into and the re _ 

Tl ^ l "? y K y 1186,1 Y 30 fleeted light out of the LCD, in particular reducing 

^at it will be dropped, sat on bent or o herw.se mis- , L< £ ^ 1Q h fow £ ^ . * 

handled increases. Therefore, the fragile LCD is more f . . ./ • * .j • •* u j j n ■ 
vulnerable to damage as the size of the computer de- * oard > a colum " dnyer printed circuit board and flexi- 
creases. Impact absorption features must be designed bIe ™5 y < aU n ?' s ^wn) associated with LCD as- 
into the portable computer to minimize this vulnerabil- 35 sembly 10 At each of the four comers of the LCD 
ity and make the portable computer durable over its sembly 10, shock mounts 2 are mounted The shock 
lifetime mounts 2 are made from a rubber material having resil- 

iency, so that they are compressible but recover their 
SUMMARY OF THE INVENTION original shape after the load is removed. The resilient 

It is therefore an object of this invention to provide a 40 material used for shock mounts 2 is preferably Sorbo- 
stnicture which can effectively absorb the impact of thane tm or a silicone rubber with a low durometer in 
stress related to day-to-day handling of a portable com- the ran 6 e of 15 * 20 » for example. The shock mounts 2 
puter. According to this invention, a mounting struc- are molded to conform to the corners of the joined pair 
ture for a LCD is provided which absorbs the shock of glasses 7 and 8. Shock mount 2 is preferably shaped 
from dropping and bending a portable computer, and 45 a 8 shown in FIG. 3 to include a pocket having the di- 
thereby prevents damage to the LCD. A method for mensions of a corner 25 portion of LCD assembly 10, 
making this mounting structure is provided which in- the associated printed/flexible circuitry. The LCD as- 
cludes resilient shock absorbers, made from Sorbo- sembly 10 and shock mounts 2 are placed into the hous- 
thane TM or low durometer silicone rubber for exam- in S *• Shock mounts 2 are compressed and a bezel 3 and 
pie, dimensionally sized and mounted along the edges of 50 transparent overlay 4 are installed. The bezel 3 and the 
the LCD. The resilient material has elastic properties transparent overlay 4 are attached together prior to 
which give it compressibility as well as the ability to installation, either by ultrasonic welding or by chemical 
recover its original shape. The resilient shock absorbers bonding, or may preferably be molded as one piece 
are placed under a pre-load during assembly, wherein which thereby eliminates several assembly steps. Once 
the preload is determined by factors such as the mass 55 the bezel 3 and transparent overlay 4 are installed over 
and the gravity-loading needed to support the LCD. the LCD assembly 10 and shock mounts 2, pressure is 
The shock absorbers are typically compressed by a applied to the bezel assembly 3 and 4 to compress the 
three dimensional frame which provides a stiff structure underlying shock mounts 2 by some amount, preferably 
so that the combined effect of the shock absorbers and to 75% of their original volume. While under compres- 
the frame offer maximum protection to the LCD. Dur- 60 sion, the bezel assembly 3 and 4 is ultrasonically welded 
ing use, the resilient shock absorbers will absorb energy or chemically bonded to the housing to seat the struc- 
from deflecting, bending and dropping. The LCD and ture. This bonding step allows the thickness of bezel 
the shock absorbers are installed into a computer hous- assembly 3 and 4 to form a 3-dimensional structure with 
ing. After assembly into a computer housing, the the flat housing 1, thereby producing a structure with 
mounting structure acts as a suspension system which 65 much greater stiffness than the individual components 
supports the glass LCD and allows the glass to remain 1, 3, and 4. This stiffness combined with the resiliency of 
planar with bending of the housing. In a preferred em- shock mounts 2 offers maximum protection to LCD 
bodiment, a transparent overlay is installed over the assembly 10. 
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In a preferred embodiment, the assembly is evacuated 
by pulling a vacuum during the assembly process just 
prior to hermetic sealing. Once hermetically sealed, the 
LCD assembly 10 is protected from the atmosphere and 
contamination, namely from humidity, dust, and dirt. 5 
Although evacuation and hermetic sealing are pre- 
ferred, they are by no means required. 

FIG. 2 illustrates a front view of the LCD mounting 
structure. Four shock mounts 2 are shown in the four 
corners of LCD assembly 10. The transparent overlay 4 10 
is placed directly over LCD assembly 10. The bezel 3 
outlines and frames LCD assembly 10. The transparent 
overlay 4 is joined with bezel 3 at line 11 and bezel 3 is 
joined to the housing 1 at line 12. 

This assembled mounting structure allows the LCD IS 
glasses 7 and 8 to float with respect to the housing 1. 
The housing 1 may be deformed or otherwise stressed 
by dropping or compressing its associated portable 
computer, but the LCD glasses 7 and 8 remain flat and 
free from the shock and load. Effectively, the mounting 20 
structure suspends the LCD glasses 7 and 8 and leaves 
the glass planar. The effectiveness of this mounting 
structure was tested by dropping two prototype porta* 
ble computers having the present invention incorpo- 
rated therein from a 2-story building onto concrete 25 
several times. The LCD assemblies survived the crash 
without damage. Moreover, the portable computer was 
compressed by having a user sit on several chairs of 
various types while the computer was in the user's back 
pocket (a potential mishap certain to occur with pocket 30 
size portable computers), thus applying stress to the 
computer. An inspection of the portable computer after 
the compression test revealed no damage to the LCD 
assembly. Thus, the LCD mounting structure absorbs 
the shock associated with dropping or other day-to-day 35 
handling of a portable computer and thereby protects 
the LCD (glass and circuitry) from damage. 

I claim: 

1. A liquid crystal display (LCD) mounting structure 
comprising: 40 

an LCD assembly; 

a plurality of resilient shock mounts mounted on the 
edges of said LCD assembly; 

a housing which houses said LCD assembly with said 
plurality of shock mounts; and 45 

a 3-dimensional frame comprising a top portion and 
sides, said sides extending downward from said top 
portion, adjacent ones of said sides being securely 
joined to each other and to said top portion to form 
said rigid 3-dimensional frame, at least said shock 50 
mounts being held by said rigid 3-dimensional 
frame. 

2. A liquid crystal display (LCD) mounting structure 
according to claim 1, wherein said LCD assembly com- 
prises a top glass plate having a polarizer formed 55 
thereon and a lower glass plate having a polarizer with 
a reflector formed thereon. 

3. A liquid crystal display (LCD) mounting structure 
according to claim 1, wherein said LCD assembly has a 
row driver printed circuit board, a column driver 60 
printed circuit board, and flexible circuitry associated 
with it in said housing. 

4. A liquid crystal display (LCD) mounting structure 
according to claim 1, wherein said resilient shock 
mounts are made from a material which is selected from 65 
the group consisting of injection moldable and compres- 
sion moldable silicone rubbers having a low durometer 
ranging from IS to 20. 
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5. A liquid crystal display (LCD) mounting structure 
according to claim 4, wherein said resilient material is 
Sorbothane tm . 

6. A liquid crystal display (LCD) mounting structure 
according to claim 1 wherein said 3-dimensional frame 
and said housing are hermetically sealed together, 
thereby forming a chamber in which said LCD assem- 
bly is located. 

7. A liquid crystal display (LCD) mounting structure 
according to claim 6 in which said chamber is evacu- 
ated. 

8. The LCD mounting structure according to claim 6, 
wherein said top portion comprises a bezel having an 
inside perimeter and an outside perimeter, said bezel 
being joined with said sides along said outside perimeter 
of said bezel. 

9. The LCD mounting structure according to claim 8, 
wherein said top portion further comprises a transpar- 
ent overlay, said overlay being joined to said bezel 
along said inside perimeter of said bezel. 

10. The LCD mounting structure according to claim 
9, wherein said 3-dimensional frame is joined with said 
housing along said outside perimeter of said bezel. 

11. A method of making a liquid crystal display 
(LCD) mounting structure comprising: 

mounting a plurality of resilient shock mounts on 

edges of an LCD assembly; 
installing said LCD assembly with said plurality of 

shock mounts into a housing; 
placing a 3-dimensional frame into said housing, said 
3-dimensional frame comprising a top portion and 
sides, said sides extending downward from said top 
portion, said sides being Fitted over said LCD as- 
sembly and said shock mounts, thereby compress- 
ing said shock mounts; and 
joining together said 3-dimensional frame to said 
housing while said shock mounts are under com- 
pression. 

12. A method of making a liquid crystal display 
(LCD) mounting structure according to claim 11, 
wherein said shock mounts are compressed approxi- 
mately 25% prior to joining. 

13. A method of making a liquid crystal display 
(LCD) mounting structure according to claim 11, 
wherein said top portion and said sides are molded as 
one part. 

14. A method of making a liquid crystal display 
(LCD) mounting structure according to claim 11, 
wherein said top portion and said sides are welded to- 
gether ultrasonically. 

15. A method of making a liquid crystal display 
(LCD) mounting structure according to claim 11, 
wherein said top portion and said sides are bonded to- 
gether chemically. 

16. A method of making a liquid crystal display 
(LCD) mounting structure according to claim 11, 
wherein said 3-dimensional frame is joined to said hous- 
ing by ultrasonic welding. 

17. A method of making a liquid crystal display 
(LCD) mounting structure according to claim 11, 
wherein said 3-dimensional frame is joined to said hous- 
ing by chemical bonding. 

18. A method of making a liquid crystal display 
(LCD) mounting structure according to claim 11 
wherein said LCD assembly comprises a top glass plate 
having a polarizer formed thereon and a lower glass 
plate having a polarizer with a reflector formed 
thereon. 
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19. A method of making a liquid crystal display 
(LCD) mounting structure according to claim 11, 
wherein said LCD assembly has a row driver printed 
circuit board, a column driver printed circuit board, and 
flexible circuitry associated with it in said housing. 5 

20. A method of making a liquid crystal display 
(LCD) mounting structure according to claim 11, 
wherein said resilient shock mounts are made from a 
material selected from the group consisting of injection 
moldable and compression moldable silicone rubbers 10 
having a low durometer ranging from 15 to 20. 

21. A method of making a liquid crystal display 
(LCD) mounting structure according to claim 20, 
wherein said resilient material is Sorbothane TM . 

22. A method of making a liquid crystal display 15 
(LCD) mounting structure according to claim 11, 
wherein said 3-dimensional frame comprises: 

a bezel having an inside perimeter and an outside 

perimeter; and 
sides extending perpendicularly from said bezel and 20 

being joined to said bezel, said sides being inte- 



grally connected to said outside perimeter of said 
bezel. 

23. A method of making a liquid crystal display 
(LCD) mounting structure according to claim 22, 
wherein said 3-dimensional frame is joined with said 
housing along said outside perimeter of said bezel. 

24. A method of making a liquid crystal display 
(LCD) mounting structure according to claim 22, 
wherein said 3-dimensional frame further comprises a 
transparent overlay, said overlay being joined to said 
bezel along said inside perimeter of said bezel. 

25. A method of making a liquid crystal display 
(LCD) mounting structure according to claim 24, 
wherein said 3-dimensional frame is hermetically sealed 
to said housing, thereby forming a chamber in which 
said LCD assembly is located. 

26. A method of making a liquid crystal display 
(LCD) mounting structure according to claim 25, 
wherein said chamber is evacuated. 
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